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Figure 1: Table of beverage constituents
Funded by the US Forest Service
Figure 2: Schematic of trial methods and data collection
Wildland Firefighters (WLFFs) are at high risk for fluid imbalance
due to arduous work in extreme heat.
Exercise induced dehydration has significant effects on subsequent
performance, physiological strain, and work capacity.
Restoration of fluid balance by ingesting a volume of fluid greater
than sweat rate is imperative to rehydration.
The contents of the fluids ingested, specifically sodium, may affect
fluid retention during submaximal exercise in the heat.
Subjects: Ten aerobically fit males (22.5 ± 3.9 years, 82.2 ± 10.1 kg,
53.9 ± 5.9 mlkg-1min-1 VO2 max.)
Subjects completed a ninety minute Heat Stress Test (HST) in hot
conditions (39°C, 30%RH) while walking at 50% VO2 max.
Fluid delivery was equivalent to 150% of sweat rate and
administered after 45 minutes of exercise. Either DD (60.9 mM Na+,
3.4% CHO) or G (18.4 mM Na+, 5.9% CHO) were delivered using a
double blind random crossover design and trials were separated by
two weeks.
Pre trial nude body weight, HCT, Hb, and USG were collected. After
forty-five minutes of exercise, nude weight was collected to
determine sweat rate and fluid was ingested. Following ninety
minutes of exercise, HCT and Hb were collected. The subjects rested
for thirty minutes after testing. Thirty minutes after ninety minute
exercise bout, HCT, Hb, nude body weight, urine volume, and USG
were collected. Throughout the trial and rest period, RPE and heart
rate were collected every fifteen minutes.
ABSTRACT
Occupational athletes such as wildland firefighters (WLFF) endure extreme conditions leading to high levels of
fluid loss. While performing wildfire suppression, it is vital to maintain hydration in order to sustain exercise in
high temperatures. PURPOSE: The purpose of this study was to compare two commercially available beverages
(DD [60.9 mM Na+, 3.4% CHO] vs G [18.4 mM Na+, 5.9% CHO]) on hydration maintenance during submaximal
exercise in the heat. METHODS: Ten aerobically fit males (22.5± 3.9 yrs, 82.2± 10.1 kg, 53.9± 5.9 ml•kg-1•min-1
VO2 Max) completed two 90-minute heat stress trials (39º C, 30% RH) working at 50% VO2 max followed by a
30-minute rest period in a heat chamber. Forty-five minutes into each trial, 150% of sweat rate was replaced
with a randomly ordered beverage (G or DD). Subjects wore standard WLFF Nomex uniforms. Rating of
perceived exertion (RPE) and heart rate (HR) were recorded every fifteen minutes. Blood samples were
obtained pre- and post-exercise and post-trial to measure changes in hemoglobin (mg•dL-1) and plasma volume
(%). Sweat rate was calculated by change in nude body weight. Data was analyzed using analysis of variance
(ANOVA). RESULTS: There was a significant effect of time on HR following exercise (142.5 ± 6.3 at 15 min, vs
175.4 ± 4.7 b•min-1 at 90 min; p<0.001). RPE was significantly lower in G than DD at 15 and 30 minutes
following exercise (8.0 ± 0.6 and 6.7 ± 0.3 vs 10.4 ± 1.1 and 8.1 ± 0.8; for G and DD respectively; TrtXTime
p=0.015). Additionally, hemoglobin was significantly affected by time (15. 8 ± 0.4 vs 16.3 ± 0.4 g•dL-1 post-trial;
p<0.01). Plasma volume, USG, and urine volume (mL) were not different (p=0.4, p=0.8, p=0.5 respectively)
between trials. Sweat rate and percent dehydration from mid to post trial were not different (p=0.9, p=0.8
respectively) between beverages. CONCLUSION: Neither beverage (DD [60.9mmol/L Na+, 3.4% CHO] vs G
[18.4mmol/L Na+, 5.9% CHO]) differed in fluid retention following exercise in the heat, however RPE was
attenuated in G vs. DD.
This study was supported by the US Forest Service.
This was the first study to 
examine the effect of oral 
hydration on fluid 
retention and hydration 
measures during exercise. 
We found that there was 
no significant differences 
in fluid retention when 
supplemented with either 
DD or G following ninety 
minutes of exercise in the 
heat.
Osmolarity 
(mosm/L)
Sodium 
(mg/L)
Potassium 
(mg/L)
Citrate 
(mEq/L)
Magnesium 
(mg/L)
Zinc 
(mg/L)
Carbohydrates 
(g/L)
Calories 
(kcals/L)
DripDrop 235 1330 780 160 166 6 33 135
Gatorade 355 458 125 N/A 0 0 58 208
CONCLUSION
